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Ninety-four unmanaged lodgepole pine stands were 
examined to evaluate the relationship between stand 
density and susceptibility to mountain pine beetle attack. 
Sample included stands from a broad geographical range in 
the western United States. 
Beetle population trends were not significantly related 
to variation in stand density as measured by stand density 
index (SDI). The percentage of trees killed per acre by 
the mountain pine beetle in stands with greater than 
eighty percent lodgepole pine did vary significantly with 
changes in SDI. From these data three SDI zones were 
identified: 1) stands with SDI's of less than 125 showed 
low potential for attack, 2) stands between 125 and 250 
SDI showed much greater levels of tree mortality, 
gradually decreasing toward the 250 SDI, 3) tree mortality 
viii 
decreased in stands as density increased beyond the 250 
SDI value. 
(58 pages) 
REVIEW OF LITERATURE 
The intent of this section is to review the literature 
pertaining to management of lodgepole pine, Pinus contorta 
Douglas, with the subsequent reduction of losses to the 
mountain pine beetle, Dendroctonus ponderosae Hopkins 
(Coleoptera: Scolytidae). 
Mountain Pine Beetle 
The mountain pine beetle can complete a single 
generation in one year; however, in cool temperatures at 
high elevations and in more northern latitudes a delay in 
development and emergence can cause the life cycle to take 
up to two years (Amman 1973, Amman and Cole 1983, 
Mccambridge 1974, Safranyik 1978). 
New 
through 
adults emerge and fly in middle to late 
September. However, about 80 percent of 
July 
the 
beetles emerge within a one week period (Rasmussen 1974). 
Adult female beetles select green trees and lure males to 
the tree using pheromones. Mating occurs and the female 
constructs a vertical egg gallery in the phloem. The late 
July attack period corresponds well with the beginning of 
a seasonal decline in tree resistance as determined by 
tree response to inoculations of blue-stain fungi (Reid 
and Shrimpton 1971). Eggs are laid in alternating niches 
arranged singly along the sides of the gallery. Most eggs 
hatch within two weeks, and larvae feed on the phloem, 
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constructing tunnels that extend approximately at right 
angles to the egg gallery. Larvae cease feeding in the 
fall with the arrival of cold weather in late October and 
November. They resume feeding in April, completing 
development in June. Larvae pupate within cells excavated 
in the bark and sapwood. Pupae then transform into adults 
during the latter part of June to mid July (Amman and Cole 
1983). 
While tunneling within the inner bark, the beetle 
inoculates a fungal complex into the host. The fungus 
germinates and grows in the beetle frass and feces where 
it then spreads into the radial parenchyma tissue system 
(Whitney 1971). These fungi and possibly other 
microorganisms aid in killing the infested trees by 
hindering translocation in the xylem and making moisture 
conditions more suitable for brood development (Amman et 
al. 1977, Ballard et al. 1984, Safranyik 1978). 
To successfully attack lodgepole pine trees, mountain 
pine beetles must aggregate in sufficient numbers to 
repeatedly inoculate the tree with pathogenic fungi (Raffa 
& Berryman 1983). This establishment of pathogenic fungi 
reduces the tree's ability to pitchout attacking beetles, 
allowing egg gallery construction and subsequent larval 
development (Borden and Lacey 1985). There are two 
mountain pine beetle pheromones, chemical messengers, 
which orient searching beetles to aggregate and attack a 
tree. Trans-verbenol is synergized by the pioneer female 
3 
to guide males to the tree and serve as a signal for mass 
I 
invasion of the host (Vite and Pitman 1968). The other 
chemical messenger, exo-brevicomin, is produced by the 
arriving male mountain pine beetle, primarily attractive 
to females (Borden et al. 1983). Lodgepole pine produces 
terpenes, 
synergize 
e.g. myrcene, which act as kairomones to 
the activity of the two beetle-produced 
pheromones (Conn et al. 1983). 
It is hypothesized that the pioneer females are 
attracted to unifested trees by higher concentrations of 
terpenes found in larger diameter trees and 
on. th~ basis of size and shape (Shepherd 




female releases pheromones. Perception of the pheromone, 
trans-verbenol, as well as host odors released from the 
freshly wounded tree, stimulates aggregation on the tree 
by other MPB in the area. As these beetles attack the 
tree, they also release pheromones, both trans-verbenol 
and exo-brevicomin. When attacks reach an optimum density 
an anti-aggregative pheromone is released by newly 
arriving beetles (Rudinsky et al. 1974). 
The first signs of a successful attack are pitch tubes 
on the lower portion of the trunk. These pitch tubes are 
cream-colored to dark red masses of resin, mixed with 
boring dust. After several months trees may start to fade 
and change color, and aerial surveys can be used to detect 
beetle activity over vast areas (Klein 1973, Klein et al. 
4 
1980). As the foliage dries it turns from green in 
spring, to sorrel, and finally to ·a bright orange and rust 
brown by July through August. Emergence holes in late 
summer signify that the brood has left the tree to infest 
other green trees. 
Lodgepole Pine 
Lodgepole pine is one of the most widespread of North 
American pines. Its' geographic range extends from the 
divide between the Klondike and McQuesten Rivers at about 
64 degrees north latitude to the Sierra San Pedro Martin 
in Baja California at about 31 degrees north latitude and 
from the Pacific Coast to the Black Hills (Wheeler and 
Critchfield 1985). Ecologically, the widespread 
occurrence is due to its' capacity to grow in 
different environments and the past prevalence 
unchecked wildfire (Brown 1975). 
many 
of 
As a resource lodgepole pine is truely a multiple-use 
species. The diminishing timber resources in the 
Northwest have brought on the opportunity for lodgepole 
pine to become a significant contributor as a timber 
species. However, it is also associated with watershed 
management, forage, wildlife habitat, esthetic and 
recreational values (Swanson 1985, Urness 1985). 
This two-needled pine is an aggressive pioneer species, 
dependent in many cases on a catastrophic occurrence for 
reestablishment. With time however, lodgepole pine tends 
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to be replaced by more tolerant species without dramatic 
environmental damage. The more common successional trend 
is replacement of lodgepole pine by the spruce-fir climax 
type (Brown 1975). Lodgepole pine and the mountain pine 
beetle have co-evolved, the beetle dependent on the tree 
as a food source while the tree is dependent on the beetle 
to distroy overmature stands, and to set up environmental 
conditions conducive for reestablishment (Lotan et al. 
1985) . 
Lodgepole pine has 
characteristics enabling 
a variety of 
it to resist 
physiological 
MPB attack 
(Shrimpton 1973). Resin secretion is the most obvious and 
important means by which LPP repels the beetle. Oleoresin 
flow, as a physical impediment to gallery construction, 
has been recognized for many years (Beal 1939). However, 
Raffa and Berryman (1982) suggest the wound response to 
inoculated fungi vectored by~ ponderosae also plays an 
important role in defense. The toxicity of the volatile 
components of oleoresins against bark beetles has also 
been examined (Coyne and Lott 1976). 
Epidemiology 
The factors responsible for mountain pine beetle 
epidemics have been a matter of controversy for many 
years. Hopkins (1909) noted that injured trees were 
preferred by the mountain pine beetle, and Craighead et 
al. (1931) stated that the mountain pine beetle was often 
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found in lodgepole pines that had been weakened by fire, 
lightning or other agents during endemic periods. Numerous 
studies have confirmed the beetles preference for larger 
diameter trees (Cole and Amman 1969, Hopping and Beall 
Safranyik et al. 1974). Some of these facts have 1948, 
led to the conclusion that stands containing vigorous, 
large diameter trees are most susceptible to beetle 
epidemics. However, outbreaks usually erupt in weakened, 
physiologically stressed stands with low growth efficiency 
(Waring and Pitman 1980) and declining growth rates 
(Mahoney 1978). The most vigorous stands often contain 
trees with thick phloem, potentially producing the largest 
beetle broods. Stands of this type often produce large 
amounts of resin, reducing beetle production (Shrimpton 
1973). Similar reactions in brood produced has also been 
shown to occur in nonvigorous stands, with minimal resin 
flow and thin phloem. Thus, if epidemics are prevented in 
vigorous stands by resinosis and in nonvigorous stands by 
thin phloem, how can outbreaks occur? Berryman (1982a) 
suggested the answer lies in the dynamics of phloem growth 
and of resinosis response in lodgepole pine. When a 
vigorous tree is suddely stressed, beetles are able to 
infest recently vigorous trees while the phloem is still 
thick, resulting in maximum brood production. Trees in 
long-term decline grow slowly and have thin phloem, 
producing small numbers of beetles when attacked (Berryman 
1976, Cabrera 1978). 
Understanding the epidemiology of the beetle 
7 
is 
critical in the study and description of potential means 
of control and 
proposed as to 
management. 
the cause of 
There are two theories 
epidemics. The classical 
theory emphasizes tree stress, or decline in vigor, as the 
means by which the mountain pine beetle and associated 
fungi overcome the defense mechanisms of lodgepole pine. 
Stress factors such as drought, disease or defoliation may 
cause low tree resistance while thick phloem is retained 
(Berryman 1976). The alternative theory suggests that 
epidemics occur when trees reach physiological maturity, 
not stress (Amman 1978). Amman suggests that four 
conditions are associated with epidemics: 1) adequate 
numbers of large diameter trees, 2) thick phloem that is 
less spongy and resinous, 3) trees about 80 years old, 
when resin response is not as great as in younger trees, 
and 4) optimal temperature for beetle development. 
Predator and parasite impacts on epidemic mountain pine 
beetle population levels are minimal to non-existent, 
however, their overall role on endemic beetle levels are 
noticeable. Woodpeckers, checkered beetles and small 
parasitic wasps and flies are among the more abundant and 
important biotic agents (Berryman 1976, DeLeon 1935). 
Risk Rating 
The epidemiology of the beetle has been studied and 








pine with the ever-present pressures of 
epidemics of mountain pine beetle is still a 
Historically, forest managers attempted to 
losses by applying a variety of direct control 
after an outbreak developed (Klein 1978, 
and Whitney 1980). However, a preventive 
approach based on recognition of conditions favoring 
outbreaks can reduce the risk of attack and minimize 
losses. Risk rating systems designed to predict outbreaks 
are the key to preventing outbreaks before they occur. 
There have 
developed to 
been a number of hazard 
predict potential losses. 
rating schemes 
Early work on 
stand susceptibility concentrated on plotting historical 
infestations on maps to ascertain areas prone to mountain 
pine beetle attack (Crookston et al. 1977). Weather and 
climatic influences on beetle populations were combined to 
produce regional risk rating systems, identifying large 
geographic areas susceptible to mountain pine beetle 
attack and in need of further evaluation (Safranyik et al. 
1974). 
More recent research on bark beetle/site/host 
relationships, and the potential destruction by the 
mountain pine beetle, has confirmed the overriding need to 
classify the ability of LPP stands to sustain large 
numbers of beetles. A number of parameters have been 
examined in the construction of risk rating systems: 
periodic growth ratio (Mahoney 1978); crown competition 
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factor (Schenk et al. 1980); habitat types, elevation and 
tree diameter (Roe and Amman 1970, McGregor 1978); climate 
(Safranyik 1978); tree age, diameter and climatic zone 
(Shrimpton 1973); phloem thickness and diameter (Cole and 
Cahill 1976); and phloem thickness, tree vigor and MPB 
population dynamics (Berryman 1982b). 
Risk Rating Methods 
Elevation and latitude, average stand age and average 
stand diameter (dbh) were combined by Amman et al. (1977) 
to develop a risk rating system. The rationale behind 
using these variables was that: 1) elevation and latitude 
determine climatic suitability, influencing beetle 
production i.e. at lower elevations where temperatures are 
more optimum for development, beetle survival is 





indicated phloem suitability i.e. at ages 
or equal to 80 years, the phloem tends to 
have fewer and smaller cortical resin ducts, detering the 
beetle. Also phloem drys more slowly, providing adequate 
moisture for beetle development; 3) average dbh was used 
because of the high preference beetles show for trees 
greater than 8 inches (20.3 cm). Strongly correlated with 
diameter is phloem thickness, which is a good indicator of 
brood production potential. 
Risk values were assigned to each of the three factors 
(Figure 1, Table 1). Then by multiplying the values, a 
10 
Table l. Parameters for risk rating lodgepole pine by 
the Amman et al. (1977) method. By multiplying the values 
in parentheses the stand's susceptibility classification 
is obtained; (low= 1-9, moderate= 12-18, high= 27). 
Elevation-latitude 
Avg. age (years) 
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LATITUDE (0 ) 
Figure l. Expected lodgepole pine losses to mountain 
pine beetle for different combinations of elevation and 
latitude (Amman et al. 1977). 
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rating is obtained; low= 1 to 9; moderate= 12 to 18; 
high= 27. One exception occurs when all three parameters 
are rated moderate, but the value (8) falls within the 
range of low risk. This should be considered moderate 
hazard. Amman et al. (1977) also give percent estimations 
on expected mortality. 
Safranyik et al. (1974) characterized stand 
susceptibility by comparing the status of current annual 
increment (CAI) with mean annual increment (MAI). A 
suitable stand is one having average age over 80 years, 
average dbh greater than 8 inches (20.3 cm) and 
climatically suitable elevation. When CAI equals MAI, the 
stand has reached maximum productivity and has started to 
decline in growth, indicating moderately high risk. When 
CAI trails MAI, this is an indication that productivity 
has already d~flined, indicating very high risk. 
Mahoney (1978) developed a means of evaluating stand 
vigor, thus presumably resistance, based on the past ten 
years growth rates. 
defined by Mahoney as: 
This periodic growth ratio (PGR) is 
PGR = curr 7nt 2 years radi~l growth Previous 5 years radial growth 
Periodic growth ratio is considered a measure of 
current trend in stand vigor. Stands having a PGR less 
than 1 indicate a decline in growth, and are considered 
susceptible. In the study it was shown that under the 
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above conditions greater than 10 percent mortality can be 
expected. Conversely, with a PGR greater than 1 only 9 
percent or less mortality is predicted for trees 5 inches 
{12.7 cm) and larger dbh. However, PGR doesn't consider 
rate of growth i.e. suppressed trees can have the same PGR 
as a faster growing dominant, which would most likely have 
thicker phloem, and not show a difference in 
susceptibility. 
A stand hazard rating {SHR) was developed by Schenk et 
al. (1980) to predict lodgepole pine tree mortality as a 
function of stand competition and proportion of host 
material. A crown competition factor, {CCF), as developed 
by Krajicek et al. {1961), was used as the stand 
competition variable whereas percent lodgepole pine basal 
area represented the proportion of lodgepole pine (PLPP) 
present. This represents a double variable stand hazard 
rating scheme: 
SHR = CCF * PLPP / 100 
A stand with a high proportion of suitable lodgepole 
pine and high CCF values will represent high SHR values, 
and lowest resistance. Mortality caused by mountain pine 
beetle to lodgepole pine is predicted as a percent of the 
lodgepole pine basal area killed (%BAK). Expected %BAK 
for various SHR values can be determined from the 
regression equation presented by Schenk et al. (1980) 
(Figure 2). 
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Waring and Pitman (1980) have devised a means of 
predicting LPP mortality due to the MPB through the use of 
a current basal area growth to sapwood basal area ratio. 
This is a tree vigor measurement that is stated as grams 
of wood produced per square meter of foliage. The 
breakdown of susceptibility is as follows: 
l) < 50 grams wood/m 2 foliage= high susceptibility 
2) 51 to 100 grams wood/m 2 foliage= moderate susceptibility 
3) > 100 grams wood/m 2 foliage= low susceptibility 
100 
SHR 
,-. BAK a -48.0688 +19.36008 e 
r2 a.89 
.75 .90 1.05 1.20 1.35 1.50 1.65 1.80 
STAND HAZARD RATING 
Figure 2. Relationship of stand hazard rating and 
percent of lodgepole pine basal area killed by the 
mountain pine beetle as determined by Schenk et al. 
(1980). 
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The extent of tree losses was not specified in stands 
of different susceptibility. However, Waring and Pitman 
(1980) noted that only trees with low vigor indices are 
apparently attacked and only those with very low vigor are 
killed by mountain pine beetle. 
A method of risk rating using a combination of PGR and 
SHR, derived from Mahoney (1978) and Schenk et al. (1980) 
methods, was developed. Berryman (1976) proposes that if 
PGR is divided by SHR a measure of stand resistance, which 
is related to the vigor of the attacked tree relative to 
the intensity of the attacking beetle population, can be 
obtained. Both variables are related to resistance i.e. 
resistance increases with PGR and decreases with SHR. 
The stand's potential to support MPB was also 
determined to be with phloem thickness greater than or 
equal to 0.1 inches (0.25 cm). This method is 
conceptually similar to that of Amman (1977), i.e. dbh is 
replaced by a measure of phloem thickness to determine 
beetle productivity and age is replaced by PGR/SHR as a 
measure of resistance. The variables Berryman proposes 
are more sensitive to the interaction between lodgepole 
pine and the mountain pine beetle. 
The synoptic model Berryman (1976) proposes is divided 
into three risk zones (Figure 3). Relatively high 
mortality is expected where resistance is low and percent 
phloem basal area is high. Low mortality levels would 
occur with stands of high resistance and either thick or 
thin phloem. 
15 
Low mortality would also be expected in 
stands with low resistance and thin phloem. 
Stand Density Management 
Silviculture, as described by Daniel et al. (1979, p. 
9) "is concerned with controlling the establishment, 
growth, composition and quality of forest vegetation". 
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Figure 3. Berryman's (1976) synoptic model of stand 
resistance and phloem abundance. E, H, L = extreme, high, 
low risk. 
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quality growth, is of considerable importance to the 
forest manager. The control of density has become refined 
in some species to the point that managers are able to 
forecast stand development many years in advance. This can 
best be accomplished through the use of density management 
diagrams. Through various measurements, the stand density 
and biological development can be described and sometimes 
forecast (Long and Smith 1984). 
Proper silvicultural treatments are an essential 
element in developing strategies to achieve long-term 
success in suppressing the mountain pine beetle. A 
variety of silvicultural practices have been proposed for 
suppressing the mountain pine beetle (Cole and McGregor 
1983, Craighead 1925, Hopping 1951, Safranyik et al. 
1974). However, silvicultural practices that promote 
stand resistance to mountain pine beetle damage have not 
been implemented on a large scale. 
The following are various size-density management 
diagrams that may form a basis for silvicultural 
manipulation designed to reduce lodgepole pine losses to 
the mountain pine beetle. 
The use of stem count and height as 
management tool 
(Wilson 1979). 
was first discussed by Kohler 




this concept and maintains that using percent of height, 
as a mechanism of spacing, is a viable tool in stand 
density manipulation. The workings of this diagram center 
l7 
around total stand height, percent of height and stem 
count, where "height has the virtue of combining the 
components of age and site in one measurement" (Wilson 
1955, p. 228). 
As a potential management tool for maintaining a 
uniform density within a stand, it is relatively accurate 
and applicable. However, there are several drawbacks as 
well. The only size measurement provided is height. 
Measurements such as diameter are valuable, easy to obtain 
indicators of merchantability, as well as MPB 
susceptibility and should not be overlooked. Also, the 
use of dominants for determining spacing leads to a 
reduction in density over time. 
Gingrich (1967) has developed a diagram in which the 
percent of stocking for oak-hickory upland hardwoods can 
be determined from average stand diameter, number of trees 
and basal area. Since then it has been used with many 
other hardwoods as well as conifers. Stocking is a 
relative term indicating the number of trees in a stand 
compared to the desirable number for optimum growth and 
meeting management objectives. 
In this diagram two tree measurements are given, 
increasing the application and flexibility of the diagram. 
Diameter can be used as an indicator of merchantability 
but the lack of site height leaves it time dimensionless. 
A graphical representation relating stand density as a 
function of volume production and tree size was developed 
18 
by Drew and Flewelling (1979). This diagram was sectioned 
into three zones, each giving insight to stand structure 
and biological status, depending on the stand's location 
within any one zone. Mean diameter, site height and 
relative density were then superimposed over the three 
zones to aid in the ease and versatility of application. 
This diagram is very solid in its use as an indicator of 
current stand status and as a forecaster of future stand 
structure. 
Mccarter and Long (1986) use stand density index as 
developed by Reineke (1933), as a biologically meaningful 
and easily applied index of stand density for the basis of 
their diagram (Figure 4). This index of density, SDI, 
indicates the relationship of the number of trees per acre 
(TPA) to their quadratic mean diameter (Dq): 
SDI= TPA (Dq/10) 106 
Also superimposed is site height and total cubic foot 
volume. There are four SDI lines of most importance, 
dividing the diagram into four different levels of stand 
development and site utilization. The upper most limit, 
SDI of 700, represents Yoda et al. 's (1963) maximum size-
density line for LPP. This represents the maximum 
combination of Dq and TPA that LPP can obtain. At the SDI 
level of 400 and above and 250 and above, density induced 
mortality and full site occupancy occur, respectively. The 
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Figure 4. A density management regime for a 
hypothetical lodgepole pine stand, using Mccarter and 
Long's (1986) density management diagram for lodgepole 
pine. 
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125. These particular lines were determined as a percent 
of the maximum SDI, which has been shown to be somewhat 
constant with other coniferous species (Reineke 1933). 
The following will help place the SDI zones in perspective 
of growth rates. When a stand is below the 125 SDI line, 
growth rates are at their maximum with no competitive 
interaction. As the canopy starts to interact, an SDI 
greater than 125, growth rates are less then their 
potential. At first, minimal stress is felt, but as 
individual trees become larger and older, with SDI 
steadily increasing, individual tree growth rates 
decrease. However, the stand as a whole is below its 
maximum site utilization potential until it reaches an SDI 
of 250; thereafter the site is fully utilized. 
Individual growth rates continue to progress further from 
their maximum potential. When the stand reaches the 400 
SDI line, 
starts. 
self thinning or competitive induced 
Continued growth of the stand will 
result in a reduction of TPA. 
mortality 
ultimately 
To better convey the uses and applicability of the 
density management diagram, a simple example will be 
illustrated. First a few assumptions need to be stated. 
1) Initial density of 1000 TPA at 2 in. (5.1 cm) dbh 
2) Even-aged stand of lodgepole pine 
3) 10 in. (25.4 cm) logs are most desirable. 
The illustration begins with a young stand and no 
competition (Figure 4). 
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At this point the stand is 
thinned back approximately 500 TPA. The next entry comes 
before the stand reaches the line of density related 
mortality. The stand is then managed within full site 
occupancy, SDI between 250 and 350. The upper limit, SDI 
of 350, is based on maintaining a crown ratio of 40 
percent, which correlates with the best release response 
of lodgepole pine (Long 1985). The harvest takes place at 
a quadratic mean diameter of 10 inches, approximately 340 
tpa. As one may visualize, there are numerous ways of 
reaching 
objectives. 
the end point for any set of management 
Also, at any point throughout development, 
any and all diagram variables can be deterimed quickly and 
accurately (Table 2.). Age can also be approximated from 
site height and site index curves or tables, thus the 
diagram can act as a time trajectory as well. 
Table 2. At each entry, Pre-Commercial, A; Commercial, 
B; & Harvest, C; the different measurements can be 
determined from the density management diagram for 
lodgepole pine (Mccarter and Long 1986). 
Before Thinning 
tpa ht Dq vol BA 
A 100 9 2.0 110 .02 
B 570 57 7.3 3900 .30 
C 340 68 10 5000 .55 
After Thinning 
tpa ht Dq vol BA 
570 9 2.2 78 .02 






POTENTIAL MOUNTAIN PINE BEETLE ATTACK OF LODGEPOLE 
PINE AS DESCRIBED BY STAND DENSITY INDEX 
The mountain pine beetle (MPB), Dendroctonous 
ponderosae Hopkins (Coleoptera: Scolytidae), deservingly, 
and quite accurately, represents the definition of its 
genus - killer of trees. Large diameter, thick-phloemed 
lodgepole pine (LPP), Pinus contorta Douglas var. 
latifolia Engelmann, are mass attacked, accelerating 
epidemics as the beetle periodically reaches outbreak 
numbers across the western United states and Canada (Amman 
I 
1972, Berryman 1976, Klein et al. 1 80). Once an outbreak 
is established there seems to be o rigorous pattern by 
which attacks on stands occur. population density of 
MPB apparently can determine then ber of trees that will 
be successfully attacked i.e. more eetles are required to 
overcome the resinosis defenses of arge, vigorous trees 
compared to smaller, weaker trees (Raffa and Berryman 
1983) . 
Adult beetles attack LPP in July or August introducing 
blue-stain fungi while feeding on and constructing egg 
galleries in the phloem layer (Amman 1978). Eggs hatch 
and larvae feed on the phloem, girdling and killing the 
tree aided by blue-stain fungi (Amman 1978, Ballard et al. 
1984) . Larvae overwinter, completing the life cycle in 
the spring. 
Investigations of stand/site conditions indicate losses 
to MPB can be minimized through silvicultural 




(1978) however, points out the need for identifying an 
accurate risk classification scheme for LPP stands to 
assess susceptibility to MPB. Several MPB risk 







However, these systems 
determine their validity, accuracy and 
utility over broad geographic areas. 
Stand density index (SDI) was examined by Stuart (1984) 
as a predictor of MPB outbreaks in climax Pinus contorta 
var. murrayana Grev. and Balf. stands in south central 
Oregon. Our study was designed to further examine SDI in 
LPP var. latifolia over an extensive geographic area as a 
simple means of evaluating stand susceptibility. If SDI 
correlates as a predictor of susceptibility, then Mccarter 
and Long's (1986) LPP density management diagram could be 
used as a risk rating system. 
Materials and Methods 
In the summer of 1984 300 stands were examined 
throughout the western U.S., (Washington, Oregon, Montana, 
Wyoming, Utah and Colorado) (Figure 5). Suitable candidate 
stands were selected at random throughout the study area 
using the following criteria: (i) high climatic 
suitability, i.e. low elevation, moderate winter 
temperatures, (ii) no recent disturbance by man or any 
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high degree of natural disturbance, wind, fire, etc. 
(iii) 25 percent or more lodgepole pine, and (iv) 
uniformity of habitat type, stand structure, species 
composition and canopy configuration within each stand. 
Stands ranged in infestation history from no recent 
infestation, to those stands currently undergoing an 
outbreak. Under these conditions stands were considered 
climatically, geographically, and otherwise suitable for 
beetle establishment. 
Each stand was sampled using a variable plot (10 BAF) 
cruise. Ten plots per stand were located five chains 
apart using two lines (five plots/line). Some 
modifications of plot location were made as dictated by 
stand shape, but a five chain spacing was maintained. 
After randomly locating plot center the following data 
were collected: 
(i) diameter and species (5 in. (12.7 cm) dbh & larger). 
(ii) alive or dead (cause of death). 
(iii) year tree attacked by MPB: 
(a) current year 
(b) last year's attack 
(c) 2 years and older attacks 
(iv) unsuccessful and strip attacks (current or old). 
(v) phloem thickness (green LPP only), two samples, 
180 degrees apart, at breast height. Approximately 
one half inch (1.27 cm) squares were removed after 
four cuts had been made using a sharp hatchet. The 
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sample was then visually calibrated with a ruler 
graduated in hundreths of an inch. Compression of 
phloem was minimized by using sharp tools. 
Stand density index, (Reineke 1933), values were 
calculated for each stand along with a trend value 
determined for each stand from the number of current to 
previous year's attacked tree. An increasing attack trend 
coincided with a stand having a larger number of trees per 
acre (TPA) currently attacked, (including current and 
current strip attacks), than previous year's TPA attacked. 
The reverse would be true for a decreasing trend. stands 
with equal numbers of current and previous year's attacks 
were considered a static trend stand. Admittedly, a 
tighter trend could be formulated if older attacks were 
used. However, determining year of attack beyond two 
years is not accurate, thus attacks older than two years 
were grouped as older attacks. 
The individual stands were plotted on Mccarter and 
Long's (1986) lodgepole pine density management diagram 
using calculated TPA and quadratic mean diameter (Dq). 
However, only stands that met the criterion on which the 
diagram was developed were used, i.e. even-aged lodgepole 
pine stands where 80% of the total basal area is LPP. 
Also, stands had to have beetle activity. 
Percent of the total TPA attacked by MPB was determined 
for each stand and plotted against its respective SDI. 
Zones of SDI were determined on the basis of stand growth 
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and development and overlaid on the plot. An SDI of 125 
corresponded with crown closure and the onset of 
competitive interaction, and the SDI of 250 represented 
the beginning of full site occupancy (Mccarter and Long 
1986) . 
Average phloem thicknesses were calculated for each of 
the stands and plotted against SDI. 
The plotted data were first visually analyzed for signs 
of grouping among trends and within 
analysis of variance was conducted to 
correlations thought to exist. 
Results 
zones . One-way 
validate any 
Ninety-four stands met the species composition 
criterion as outlined for Mccarter and Long's diagram 
(Figure 6). The stand density index levels ranged from 92 
to 492, with quadratic mean diameters ranging from 6.5 
inches to 13.3 inches. Table 3 shows the average phloem 
thickness, Dg, SDI and number of stands in each trend 
category. It was expected that the increasing stand trend 
would have a higher SDI than the decreasing trend, however 
just the opposite occurred. No correlation existed 
between the trends and SDI, Dg, or phloem thickness. 
Plotting SDI against percent TPA attacked for the same 
stands showed a left skewed distribution (Figure 7). Low 
mortality was observed below the 150 SDI level. At this 
point a sharp increase in percent TPA attacked occurred, 
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followed by a gradual tapering off with increasing SDI. A 
significant difference was found between zones A & Band B 
& Cat the 95 percent confidence level, using the t-test 
and one degree of freedom multipule comparison. 
Average phloem thickness and SDI for each stand were 
plotted, indicating a random distribution. However, after 
eliminating stands with greater than 30 percent TPA attack 
a pattern appeared (Figure 8). Stands with high attack 
percentages do not show representive averages since 
larger, thicker phloemed trees are selected and killed. 
Stands have a stable phloem thickness until approximately 
an SDI of 225 followed by a decline with increasing SDI. 
Discussion 
Phloem thickness has long been implicated as a causal 
agent of mountain pine beetle infestations (Amman 1969). 
The rationale is that temporarily stressed, thick phloem 
trees, are predisposed to MPB attack and produce greater 
brood numbers because of the thicker phloem (Berryman 
1982b). Stress also reduces resin flow, adversely 
affecting the trees major defense mechanism, resinosis. 
Factors that disrupt or impair functioning of the resin 
system will influence host susceptibility, e.g. moisture 
stress or fungal establishment within the xylem. 
Increasing stand density may cause moisture stress, hence 
increasing host susceptibility. Increased susceptibility 
has been shown to be associated with reduced radial growth 
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(Mahoney 1978), and thicker phloem (Cole 1973). 
This study suggests that the potential for mountain 
pine beetle attack in lodgepole pine stands goes through 
three phases. First, a period of low potential mortality, 
followed by a phase of high attack potential and finally a 
period of declining probability of attack (Figure 7). 
The first phase, zone A, represents fast growing, non-
competing trees, growing at their maximum potential for 
the given site conditions. Resin production and flow 
should be at high levels, accounting for the low 
percentage of TPA attacked. As stand growth continues, 
leaving zone A, competitive interaction begins. At 
approximately an SDI of 125 the growth rate of individual 
trees is something less than their maximum potential. 
Some level of stress has been initiated with the 
transition from zone A to B. At this point phloem 
thickness is suitable for brood production (Amman 1972), 
while low levels of tree stress are causing declines in 
resin flow and secondary resin formation (Shrimpton 1978). 
It is also possible that a physiological change within the 
trees has lowered the resistance to fungal inoculations 
vectored by~ ponderosae (Raffa and Berryman 1982). A 
reduction in the defense mechanism, while ample food 
supplies are present, predisposes a stand to potentially 
high levels of attack. These processes become significant 
at an SDI of approximately 150, shortly after crown 
closure. It should be noted that SDI values were 
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determined using trees 5 inches (12.7 cm) and greater. If 
trees of smaller diameter are included the SDI levels 
would increase. This may cause the critical 150 SDI to 
shift to a higher SDI. 
In unmanaged stands irregular spacing is common 
resulting in uneven competition throughout a stand with 
total competitive interaction occurring after an SDI of 
125 is reached. This may explain the delay in high levels 




a stand continues through zone Band c the maximum 
potential of individual trees continues to 
phloem retention is gradually diminished 
(Cabrera 1978), and the potential for high levels of 
attack is lowered. Resin flow is something less than its 
maximum potential, but because of the thinner phloem 
beetles are not as likely to attack. However, if beetle 
populations are large enough trees can be attacked 
regardless of phloem thickness, although brood production 
decreases with decreasing phloem thickness. 
Full site occupancy is reached at an SDI of 250. This 
is of importance from a managerial stand point i.e. if 
wood production is the major objective, any growth below 
an SDI of 250 results in a loss of potential stand growth. 
The SDI boundary between 400 and 700 is the zone of 
"imminent-competition mortality" (Drew and Flewelling 
1979, p. 521), representing the lower and upper limits of 
self-thinning for lodgepole pine. Lower attack and brood 
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production rates are expected because of thinner phloem 
(Figure 7 and 8). 
The trend study indicated that regardless of the SDI, 
within the ranges examined, mountain pine beetle activity 
can be expected to increase, decrease, or remain static 
(Figure 7). This randomness was not expected, rather 
grouping of trends at separate SDI ranges seemed 
intuitive. It was hypothesized that an increasing 







interaction thus higher SDI ranges. The 
which the population trends were examined 
reveals the reason for this randomness. 
However, as mentioned previously, deriving a trend from 
two occurrences could not be improved upon. 
The effect of thinning within a lodgepole pine stand on 
potential beetle induced mortality is not known. However, 
it is hypothesized that a thinned stand would have a 
lowered potential for beetle production. This is based on 
successful tree release, increased resin flow and thinner 
phloem compared to unthinned stands with similar stand 
characteristics (Waring and Pitman 1985). Also a change 
in the microclimate and flight patterns by thinning may 



















, I I 
'1 I I 
\ I I 
,, I I 
\ I I 
\ I I 
\ I 








---- r I I I --- "- -' •11: :l,i -----------r--..l----.- .. __ _ 
\ .. t : \ 
, I '\ oO I .__, ___ , 100 I \ 
'- I I I 
I -, -~ I"" - - - - - - - 1, ( ' _________ J ! ,, 
I '---' I 
~ I I I... ---- _oo :'t,, I I •.o I I --,---.J I o,ilt ,-----'"'-•\ 
I - - -:- - - -i I \ 
I IO O I \ 
I I •-,--------, i--
t, f i '~· :------ -- -~\. 
' , I I I 
', I I I ---' ;-------l-------,•------
' ,.J ' r----, 




' I I 
.. ..., I _r.----_I ...... __ ""'_r-'\. ,, 




\ , ... 
31 
Approximate location of study sites in the 
Each symbol represents five stands. 
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Table 3. Average characteristics from stands used to 
plot trend data on Figure 6. 
# of Avg. Phloem 
Trend stands thickness (in . ) Dg SDI 
Increasing 25 .049 9.0 191 
Decreasing 30 .069 8.5 238 
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Fig. 6. Ninety-four lodgepole pine stands, showing no J 
grouping as to trend. 
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Figure 7. Potential lodgepole pine losses to mountain 
pine beetle for different stand density indexes'. 
35 
0.12 A B C 
0 






0 0 0 0 
00 0 0 0 
0 0 (I) 




E 0.06 Q) 0 
0 0 .s:::. oO 0 a.. 0 0 
O> 0 0 
0 0 
~ 
0.04 0 0 
0.02 
0.00 -t-----r-r---t----.--r---.-----,.----t------.--...---.----.--r---.---,.-----.-----, 
50 100 150 200 250 300 350 400 450 
Stand Density Index 
Figure a. The relationship of stand density index and 
lodgepole pine phloem thickness. 
36 
REFERENCES 
Amman, G. D. 1969. Mountain pine beetle emergence in 
relation to depth of lodgepole pine bark. U.S. Dept. 
Agric. For. Serv. Res. Note INT-96, 8 pp. 
1972. Mountain pine beetle brood production in relation 
to thickness of lodgepole pine phloem. J. Econ. 
Entomol. 65: 138-140. 
1973. Population changes of the mountain pine beetle in 
relation to elevation. Environ. Entomol. 2: 541-547. 
1977. The role of the mountain pine beetle in lodgepole 
pine ecosystems: Impact on succession. pp. 3-18 In: 
The role of arthropods in forest ecosystems. Springer 
Verlag, Inc., New York. 
1978. The biology, ecology and causes of outbreaks of the 
mountain pine beetle in lodgepole pine forests, pp. 39-
53. In Berryman, A. A., G. D. Amman, and R. w. Stark 
(eds.], Theory and practices of mountain pine beetle 
management in lodgepole pine forest. University of 
Idaho, Moscow. 
1983. A test of lodgepole pine hazard rating methods for 
mountain pine beetle infestations in southeastern 
Idaho, pp. 186-200. In The role of host in the 
population dynamics for forest insects. Can. For. Serv. 
Victoria, B.C. 
37 
Amman, G. D., M. D. McGregor, D. B. Cahill, and W. H. 
Klein. 1977. Guidelines for reducing losses of 
lodgepole pine to the mountain pine beetle in unmanaged 
stands in the Rocky Mountains. U.S. Dep. Agric. For. 
Serv. Tech. Rep. INT-36. 19 pp. 
Amman, G. D., and W. E. Cole. 1983. Mountain pine beetle 
dynamics in lodgepole pine forests. Part II. population 
dynamics. U.S. Dep. Agric. For. Serv. Tech. Rep. INT-
145. 59 pp. 
Ballard, R. G., M. A. Walsh, and W. E. Cole. 1984. The 
penetration and growth of blue-stain fungi in the 
sapwood of lodgepole pine attacked by mountain pine 
beetle. Can. J. Bot. 62: 1724-1729. 
Beal, J. A. 1939. The black hills beetle, a serious enemy 
of Rocky Mountain pine. U.S. Dep. of Agric. Farmers' 
Bull. No. 1824. 22 pp. 
Berryman, A. A. 1976. Theoretical explanation of mountain 
pine beetle dynamics in lodgepole pine forests. 
Environ. Entomol. 5: 1225-1233. 
1982a. Biological control, thresholds, and pest 
outbreaks. Ibid. 11: 544-549. 
1982b. Mountain pine beetle outbreaks in Rocky Mountain 
lodgepole pine forests. J. For. 80: 410-413. 
Borden, J. H., L. J. Chong, K. E. Pratt, and D.R. Gray. 
1983. The application of behavior, modifying chemicals 
to contain infestations of the mountain pine beetle, 
Dendroctonus ponderosae. For. Chron. 59: 235-239. 
38 
Borden, J. H., and T. E. Lacey. 1985. Semiochemicals-based 
manipulation of the mountain pine beetle, Dendroctonus 
ponderosae Hopkins: A component of lodgepole pine 
silviculture in the Merritt Timber Supply area of 
British Columbia. Entomol. 99: 139-145. 
Brown, J. K. 1975 . Fire cycle and community dynamics in 
lodgepole pine forest, pp. 429-456. In Baumgartner, D. 
M., R. G. Krebill, J. T. Arnott, and G. F. Weetman 
[eds.], Management of lodgepole pine ecosystems 
symposium proceedings. Wash. State University, Pullman. 
Cabrera, H. 1978. Phloem structure and development in 
lodgepole pine, pp. 54-63. In Berryman, A. A., G.D. 
Amman, and R. w. Stark [eds.], Theory and practices of 
mountain pine beetle management in lodgepole pine 
forests. University of Idaho, Moscow. 
Cole, D. M. 1973. Estimation of phloem thickness in 
lodgepole pine. U.S. Dept. Agric. For. Serv. Res. Pap. 
INT-148, 10 pp. 
Cole, D. M. 1978. Feasibility of silvicultural practices 
for reducing losses to the mountain pine beetle in 
lodgepole pine forest, pp. 140-147. In Berryman, A. A., 
G. D. Amman, and R. w. Stark [eds.], Theory and 
practice of mountain pine beetle management in 
lodgepole pine forest. University of Idaho, Moscow. 
Cole, W. E., and G.D. Amman. 1969. Mountain pine beetle 
infestations in relation to lodgepole pine diameters. 
U. s. Dep. Agric. For Serv. Res. Note INT-95, 7 pp. 
39 
Cole, w. E., and D. B. Cahill. 1976. Cutting strategies 
can reduce probabilities of mountain pine beetle 
epidemics in lodgepole pine. J. For. 74: 294-297. 
Cole, w. E., and M. D. McGregor. 1983. Reducing or 
preventing mountain pine beetle outbreaks in lodgepole 
pine stands by selective cutting, pp. 175-185. In The 
role of the host in population dynamics of forest 
insects. Can. For. Serv. Victoria, B. C. 
Conn, J.E., J. H. Borden, B. E. Scott, L. M. Friskie, H. 
D. Pierce, Jr., and A. c. Oehlschlanger. 1983. 
Semiochemicals for the mountain pine beetle in British 
Columbia field trapping studies. Can. J. For. Res. 13: 
320-324. 
Coyne, J. F., and L. H. Lott. 1976. Toxicity of substances 
in pine oleoresin to southern pine beetle. J. Ga. 
Entomol. Soc. 11: 301-305. 
Craighead, F. c. 1925. The Dendroctonus problem. J. For. 
23: 340-354. 
Craighead, F. c., J.M. Miller, J. c. Evenden, and F. P. 
Keen. 1931. Control work against bark beetles in 
western forests and an appraisal of its results. J. 
For. 29: 1001-1018. 
Crookston, N. L., R. w. Stark, and D. L. Adams. 1977. 
outbreaks 
lodgepole 
of mountain pine beetle in northwestern 
pine forests 1945 to 1975. For. Wildlife 
Range Exp. Stn. Bull. 29. University of Idaho, Moscow. 
7 pp. 
Daniel, T. w., J. A. Helms, and F. s. Baker. 
Principles of silviculture. 2nd edition. McGraw 




DeLeon, D. 1935. The biology of Coeloides dendroctoni 
Cushman (Hymenoptera: Braconidae), an important 
parasite of the mountain pine beetle (Dendroctonus 
monticolae Hopk.). Ann. Entomol. Soc. Am. 23: 411-424. 
Drew, T. J., and J. W. Flewelling. 1979. Stand density 
management; an alternative approach and its application 
to Douglas-fir plantations. For. Sci. 25: 518-532. 
Gingrich, s. F. 1967. Measuring, evaluating stock and 
stand density in upland hardwood forests in the 
Central states. For. Sci. 13: 38-53. 
Hamel, D.R. 1978. Results of harvesting for management of 
mountain pine beetle infestation in lodgepole pine on 
the Gallatin National Forest, Montana, pp. 192-196. In 
Berryman, A. A., G. D. Amman, and R. w. Stark [eds.], 
Theory and practice of mountain pine beetle management 
in lodgepole pine forests. University of Idaho, Moscow. 
Hopkins, A. D. 1909. Contributions towards a monograph of 
the scolytid beetles. I. The genus Dendroctonus. u. s. 
Bureau of Ent. Tech. Ser. 17. Wash. D. c. 164 pp. 
Hopping, G. R. 1951. Forest entomology in Canada in 
relation to silviculture in Canada. Part V, The 
Mountain Pine Beetle. For. Chron. 27: 21-24. 
41 
Hopping, G. R., and G. Beall. 1948. The relation of 
diameter of lodgepole pine to incidence of attack by 
the bark beetle Dendroctonus monticolae Hopkins. For. 
Chron. 24: 141-145. 
Klein, w. H. 1973. Beetle-killed pine estimates. 
Photogramm. Eng. 39: 385-388. 
Klein, W. H. 1978. Strategies and tactics for reducing 
losses in lodgepole pine to the mountain pine beetle by 
chemical and mechanical means, pp. 148-158. In 
Berryman, A. A., G. D. Amman, and R. W. Stark [eds.], 
Theory and practice of mountain pine beetle management 
in lodgepole pine forests. University of Idaho, Moscow. 
Klein, W. H., D. D. Bennett, and R. W. Young. 1980. 
Evaluation of panoramic reconnaissance aerial 
photography for measuring annual mortality of lodgepole 
pine caused by the mountain pine beetle. U.S. Dep. 
Agric. FI and DM/MAG, Rep. 80-2. Davis, CA. 21 pp. 
Krajicek, J.E., K. K. Brinkman, ands. F. Gingrich. 1961. 
Crown competition - a measure of density. For. Sci. 7: 
35-42. 
Long, J. N. 1985. A practical approach to density 
management. For. Chron. 61: 23-27. 
Long, J. N., and F. w. Smith. 1984. Relation between size 
and density in developing stands: a description and 
possible mechanism. For. Ecol. Manage. 7: 191-206. 
42 
Lotan, J.E., J. K. Brown, and L. F. Neuenschwander. 1985. 
Role of fire in lodgepole pine forests, pp. 133-152. In 
Baumgartner, D. M., R. G. Krebill, J. T. Arnott, and G. 
F. Weetman (eds.], Lodgepole pine the species and its 
management. Wash. State University, Pullman. 
Mahoney, R. L. 1978. Lodgepole pine/mountain pine beetle 
risk classification methods and their application, pp. 
106-133. In Berryman, A. A., G.D. Amman, and R. w. 
Stark (eds.], Theory and practice of mountain pine 
beetle management in lodgepole pine forests. University 
of Idaho, Moscow. 
Mccambridge, w. F. 1974. Influence of low temperatures on 
attack, oviposition and larval development of mountain 
pine beetle, Dendroctonus ponderosae (Coleoptera: 
Scolytidae). Can. Entomol. 106: 979-984. 
Mccarter, J. B., and J. N. Long. 1986. A lodgepole pine 
density management diagram. West. J. Appl. For. 1: 6-
11. 
McGregor, M. D. 1978. Management of mountain pine beetle 
in lodgepole pine stands in the Rocky Mountain area, 
pp. 129-139. In Berryman, A. A., G.D. Amman, and R. W. 
Stark (eds.], In theory and practice of mountain pine 
beetle management in lodgepole pine forests. University 
of Idaho, Moscow. 
43 
Raffa, K. F., and A. A. Berryman. 1982. Physiological 
differences between lodgepole pines resistant and 
susceptible to the mountain pine beetle and associated 
microorganisms. Environ. Entomol. 11: 486-492. 
1983. The role of host plant resistance in the 
colonization behavior and ecology of bark beetles 
(Coleoptera: Scolytidae). Ecol. Monographs. 53: 27-49. 
Rasmussen, L. A. 1974. Flight and attack behavior of 
mountain pine beetles in lodgepole pine of northern 
Utah and southern Idaho. U.S. Dep. Agric. For. Serv. 
Res. Note INT-180. 7 pp. 
Reid, R. w., and D. M. Shrimpton. 1971. Resistant response 
of lodgepole pine to inoculation with Europium 
clavigerum in different months and at different heights 
on stem. Can. J. Bot. 49: 349-351. 
Reineke, L. H. 1933. Perfecting a stand-density index for 
even-aged forest. J. Agric. Res. 46: 627-638. 
Roe, A. L., and G. D. Amman. 1970. The mountain pine 
beetle in lodgepole pine forests. U.S. Dep. Agric. For. 
Serv. Res. Note INT-71. 12 pp. 
Rudinsky, J. A., M. E. Morgan, L. M. Libby, and T. B. 
Putnam. 1974. Anti-aggregative rivalry pheromone of the 
mountain pine beetle, and a new arrestant of the 
southern pine beetle. Environ. Entomol. 3: 90-98. 
44 
Safranyik, L. 1978. Effects of climate and weather on 
mountain pine beetle management in lodgepole pine 
forests, pp. 77-84. In Berryman, A. A., G. D. Amman, 
and R. w. Stark [eds.], Theory and practice of mountain 
pine beetle management in lodgepole pine forests. 
University of Idaho, Moscow. 
Safranyik, L., D. M. Shrimpton, and H. S. Whitney. 1974. 
Management of lodgepole pine to reduce losses from the 
mountain pine beetle. Can. For. Serv. For. Tech. Rep . 
1. Victoria. B. c. 24 pp. 
Safranyik, L., and H. s. Whitney. 1980. Using explosives 
to destroy mountain pine beetle broods in lodgepole 
pine trees. J. Entomol. Soc. Brit. Columbia. 77: 3-14. 
Schenk, J. A., R. L. Mahoney, J. A. Moore, and D. L. 
Adams. 1980. A model for hazard rating lodgepole pine 
stands for mortality by mountain pine beetle. Forest 
Ecol. Manage. 3: 57-68. 
Shepherd, R. F. 1966. Factors influencing the orientation 
and rates of activity of Dendroctonus ponderosae 
Hopkins (Coleoptera: Scolytidae). Can. Entomol. 98: 
507-518. 
Shrimpton, D. M. 1973. Age and size related response of 
lodgepole pine to inoculation with Europhium 
clavigerum. Can. J. Bot. 51: 115-1160. 
45 
Shrimption, D. M. 1978. Resistance of lodgepole pine to 
mountain pine beetle infestation, pp. 64-76. In 
Berryman, A. A., G.D. Amman, and R. W. Stark [eds.], 
Theory and practice of mountain pine beetle management 
in lodgepole pine forests. University of Idaho, Moscow. 
Stuart, J. D. 1984. Hazard rating of LPP stands to MPB 
outbreaks in south-central Oregon. Can. J. For. Res. 
14: 666-671. 
Swanson, R.H . 1985. Managing lodgepole pine ecosystems as 
watersheds, pp. 305-313. In Baumgartner, D. M., R. G. 
Krebill, J. T. Arnott, and G. F. Weetman [eds.], 
Lodgepole pine the species and its management. 
State University, Pullman. 
Wash. 
Urness, P. J. 1985. Managing lodgepole pine ecosystems for 
game and range values, pp. 297-304. In Baumgartner, D. 
M., R. G. Krebill, J. T. Arnott, and G. F. Weetman 
(eds.], Lodgepole pine the species and its management. 
Wash. State University, Pullman. 
I 
Vite, J. P., and G. B. Pitman. 1968. Bark beetle 
aggregation: effects of feeding on the release of 
pheromones in Dendroctonus and I};?_§_. Nature. 218: 169-
170. 
Waring, R. H., and G. B. Pitman. 1980. A simple model of 
host resistance to bark beetles. Oreg. State Univ. For. 
Res. Lab Res. Note-65. 2 pp. 
46 
Waring, R.H., and G. B. Pitman. 1985. Modifying lodgepole 
pine stands to change susceptibility to mountain pine 
beetle attack. Ecology. 66(3): 889-897. 
Wheeler, N. C., and W. B. Critchfield. 1985. The 




Biogeographical and management implications, pp. 
In Baumgartner, D. M., R. G. Krebill, J. T. 
and G. F. Weetman [eds.], Lodgepole pine the 
and its management. Wash. State University, species 
Pullman. 
Whitney, H. s. 1971. Association of Dendroctonus 
ponderosae (Coleoptera: Scolytidae) with blue-stain 
fungi and yeasts during brood development in lodgepole 
pine. Can. Entomol. 103: 1495-1503. 
Wilson, F. G. 1955. Evaluation of three thinnings at star 
Lake. For. Sci. 1: 227-231. 
1979. Thinning as an orderly discipline: A graphical 
spacing schedule for red pine. J. For. 77: 483-486. 
Yoda, K., T. Kira, H. Ogana, and K. Hozume. 1963. Self-
thinning in overcrowded pure stands under cultivated 






Amman, G. D., and B. H. Baker. 1972. Mountain pine beetle 
influence on lodgepole pine stand structure. J. For. 
70: 204-209. 
Amman, G. D., and L. Safranyik. 1985. Insects of lodgepole 
pine: Impacts and control, pp. 107-124. In Baumgartner, 
D. M., R. G. Krebill, J. T. Arnott, and G. F. Weetman 
[eds.], Lodgepole pine the species and its management. 
Wash. State University, Pullman. 
Berryman, A. A. 1972. Resistance of conifers to invasion 
by bark beetle-fungus associations. Bio. Sci. 22: 598-
602. 
Berryman, A. A., N. C. Stenseth, and D. J. Wollkind. 1984. 
Metastability of forest ecosystems infested by bark 
beetles. Res. Popul. Ecol. 26: 13-29. 
Berryman, A. A., and R. W. Stark. 1985. Assessing the risk 
of lodgepole pine stand destruction by pests, pp. 161-
169. In Baumgartner, D. M., R. G. Krebill, J. T. 
Arnott, and G. F. Weetman [eds.], Lodgepole pine the 
species and its management. Wash. State University, 
Pullman. 
Flewelling, J. w., and T. J. Drew. 1985. A stand density 
management diagram for lodgepole pine, pp. 239-244. In 
Baumgartner, D. M., R. G. Krebill, J. T. Arnott, and G. 
F. Weetman [eds.], Lodgepole pine the species and its 
management. Wash. State University, Pullman. 
49 
Furniss, R. L., and v. M. Carolin [eds.]. 1977. pp. 353-
354. In Western forest insects. u. s. Dep. Agric. For. 
Serv. Misc. Pub. 1339. 
Gara, R. I., D. R. Geiszler, and W.R. Littke. 1984. 
Primary attraction of 
lodgepole pine in Oregan. 
333-334. 
the mountain pine beetle to 
Ann. Entomol. Soc. Am. 77: 
Gara, R. I., W.R. Littke, J. K. Agee, D.R. Geiszler, J. 
D. Stuart, and c. H. Driver. 1985. Influence of fire, 
fungi and mountain pine beetles on development of a 
lodgepole pine forest in south-central Oregan, pp. 153-
162. In Baumgartner, D. M., R. G. Krebill, J. T. 
Arnott, and G. F. Weetman [eds.], Lodgepole pine the 
species and its management. Wash. State University, 
Pullman. 
Hicks, R. R., J. E. Howard, J. E. Coster, and K. G. 
of tree vigor in Waterston. 1978. The role 
susceptibility of loblolly pine to 
beetle. Proc. 5th N. Amer. Forest 
Gainesville, FL. 10 pp. 
southern pine 
Biol. Workshop. 
McGregor, M. D., G. D. Amman, and w. E. Cole. 1980. 
Hazard-rating lodgepole pine for susceptibility to 
mountain pine beetle infestations, pp. 99-104. In 
Hedden, R. L., s. J. Barras, and J.E. Coster [eds.], 
Hazard-rating systems in forest insect pest management. 
Gen. Tech. Rep. WO-27. 
50 
Reid, R. w. 1962. Biology of the mountain pine beetle, 
Dendroctonus monticolae Hopkins, in the east Kootenai 
region of British Columbia II. Behavior in the host, 
fecundity, and internal changes in the female. Can. 
Entomol. 94: 604-613. 
Rudinsky, J. A. 1962. Ecology of Scolytidae. Annu. Rev. 
Entomol. 7: 327-348. 
Tackle, D. 1961. Silvics of lodgepole pine. U.S. Dep. 
Agric. For. Serv. Misc. Publ. 19. 24pp. 
Thomson, A. J., and D. M. Shrimpton. 1984. Weather 
associated with the start of MPB outbreaks. Can. J. 
For. Res. 14: 255-258. 
Van Hooser, D. D., and c. E. Keegan III. 1985. Lodgepole 
pine as a commercial resource in the United States, pp 
15-19. In Baumgartner, D. M., R. G. Krebill, J. T. 
Arnott, and G. F. Weetman [eds.], Lodgepole pine the 
species and its management. Wash. State University, 
Pullman. 
